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Abstract 
Executive functions are complex processes through which an individual improves his performances in a situation 
demanding for the operationalization of a number of cognitive processes. The aim of this research is to contribute for 
the adaptation of WCST norms in Romanian population. The Romanian clinical sample consisted of 210 participants 
(frontal, frontal plus, diffuse, nonfrontal pathology). There were significant differences between normal subjects and 
those suffering from clinical disorders, between those manifesting frontal patologies and those displaying non-frontal 
pathologies, between patients with localised disorders and those with diffuse ones. The results contribute to 
implementing WCST in Romania. 
© 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of PSIWORLD 2011 
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1. Introduction 
Executive functions have been defined in various ways: as complex processes through which an 
individual improves his or her performance (in the execution of tasks) in a situation which requests the 
usage of a significant number of (basic) cognitive processes (Baddeley, 1986); as high level cognitive 
processes which facilitate new manners of behaviour and improve the individual's attitude in unfamiliar 
circumstances (Royall et al., 1993); as encompassing a series of abilities which are necessary in order to 
achieve a goal. Traditionally, executive functions are connected with the frontal lobes, often considered 
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managers and programmers of human psychology (Andreasen et al., 1996). Despite some integrative 
efforts (Miyake et al., 2000), recent literature on the matter does not offer a coherent framework for the 
definition of executive functions. However, one could identify, in agreement with recent studies, three 
major topics, ranging from computer-oriented to neuro-biologic and “cyber-integrative”. The first topic 
postulates a general executive component, conceptualized firstly as the supervisory attention system
(Shallice, 1982) and later on refined as Baddeley’s central executive. The second topic refers to executive 
functions as an “umbrella term”, comprising higher specific cognitive functions, of which the most 
commonly referred to are: set shifting (also  known as cognitive/mental flexibility), inhibition (inhibition 
of answers, inhibitory control), work memory, planning, attention (sustained and selective), decision-
making and problem-solving. The list is not complete, since the number of the so-called “executive” 
functions is a variable one (e.g. Raye et al., 2007 draw attention to the refreshing executive function). The 
third topic focuses on the cybernetic aspects of the executive function. Executive functions control the 
execution of complex activities. Therefore the executive control function should be taken into 
consideration (Royall et al., 2002) which interacts with non-executive processes. 
A deterioration of this function is visible only through a lack of order in the non-executive operations. 
In general, disagreements predominate with regard to questions on the unity or diversity of executive 
functions (Iordan, 2009). Miyake et al. (2000) identified the most frequently mentioned components of 
the executive function as: the shift between tasks or mental sets (Shifting – the changes between mental 
sets), the updating and monitoring of representations of the work memory (Updating – often interpreted 
as work memory), the inhibition of dominant or prepotent answers (Inhibition – inhibiting prepotent 
answers). In the integrative model of the executive function introduced by Miyake et al. (2000), the latter 
is hierarchically organized and conceptualized as being composed both of unitary bits as well as 
dissociated parts. The authors postulated a common executive mechanism, similar either to the executive 
attention or to an inhibitory system, as well as partially dissociated executive components. 
In time, numerous studies indicated the fact that deficiencies of the executive function can have 
devastating effects over human daily activities, with a severe impact on their ability to work and study, 
personal autonomy or the development of adequate social relations. The term “dis-executive syndrome” is 
used to refer to those patients suffering from lesions of the frontal lobes as well as development disorders 
that can induce congenital deficiencies of the frontal lobes. These kinds of clinical disturbances include 
ADHD, Alzheimer, depression, schizophrenia, autism, obsessive-compulsive disorders, Tourette 
syndrome, attention-deficit/hyperactivity disorder (Sergeant et al., 2002).
2. Research 
The WCST represents a measure of the cognitive function, requesting the ability to develop and 
maintain problem solving strategies, adapted to a change in stimulating conditions in order to achieve a 
specific goal. Similar to other tests measuring the executive function, the WCST requests strategic 
planning, organized search, usage of environmental feedback in order to adapt cognitive sets and direct 
behaviors towards attaining goals and model responses to impulses (Gnys & Willis, 1991). Nevertheless, 
unlike other tests measuring abstract reasoning, the WCST reflects not only success per global, but also 
specific sources of task difficulties (e.g. insufficient primary conceptualization, lack of capacity to 
maintain a cognitive direction, perseveration, or insufficient learning during the testing stages). Although 
conceived and used as a tool for measuring abstract reasoning on normal adult participants, the WCST 
started being used more and more as a clinical neuropsychological instrument (Butler, Retzlaff & 
Vanderploeg, 1999). 
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2.1. Objective  
The  aim  of  the  authors  of  the  present  study  is  to  adapt  the  WCST  as  a  measure  in  Romania  and  to  
describe the Romanian normative data. The study of the executive function on a sample of Romanian 
clinical patients has been a specific objective in the collection of normative data. 
2.2. Method 
We have administered the last version of Wisconsin Card Sorting Test, under the guidelines of the 
manual written and adapted in Romania in 2011 (Heaton et al., 1993; Avram et al., 2011). The WCST 
comprises four stimulus cards and 128 response cards illustrating various forms (circles, crosses, triangles 
or stars), colours (red, yellow, blue or green) and numbers of figures (one, two, three or four). The task is 
usually administered by presenting the participant with the four stimulus cards, from left to right, bearing 
the following characteristics: a red triangle, two green stars, three yellow crosses and four blue circles. 
The participant is given 64 response cards and is told to associate them to the stimulus cards, as he 
considers proper. The participant is told whether the match is “correct” or not, but he/she is not offered an 
explanation on the criteria for association. After a certain number of correct consecutive associations, for 
instance,  the  sorting  principle  based  on Color  as  a  criterion  is  changed with  either  one  of  the  other  two 
sorting principles (Form or Number), without any warning, forcing the participant to form a new sorting 
strategy based on the feedback received from the examiner. The administration of the test then proceeds 
to shift the sorting principle between the three possible categories (Color, Form, and Number). 
2.3. Participants 
The sample used in the Romanian studies is comprised of two distinct sub-samples. The first sub-
sample contains a clinically normal adult population: 891 participants, aged between 6 years and 186 days 
and 90 years and 241 days (M = 26.86, SD =19.84), among them 434 men (48.71%) and 457 women 
(51.29%); 444 of them are children and adolescents below 18 years old and the remaining  447 are adults. 
The specific clinical sample for Romania is comprised of 210 participants: 74 women (35.24%) and 123 
men (58.57%); for 13 of them (6.19%) gender has not been registered. As far as age is concerned, the 
Romanian participants range from 14 to 83 years (M=48.06, SD=15.00). The division of the sample on 
clinical groups has been made keeping in mind the criteria documented by the manual: frontal (lesions 
limited only to the frontal lobes); frontal plus (lesions involving frontal and nonfrontal areas, including 
the bilateral frontal); diffuse (lesions present in three or all four areas of the brain lobes); nonfrontal 
(lesions limited to one or two areas of the nonfrontal lobes). Moreover, the Romanian clinical sample 
contains several categories considered to be a fifth group, labeled as ”various others”: functional brain 
damages (e.g. Parkinson, epilepsy); brain vascular damages (e.g. stroke, anevrism); diseases that do not 
induce brain tissue necrosis and just change intra-skull pressure or other processes (meningioma, 
hydrocephalus, pituitary tumors etc.). 8 participants diagnosed with subdural hematoma have been 
included in this category (mild or minor traumatic brain injuries). 
2.4. Results 
Table 1 presents a series of comparative data resulting from the five clinical groups and an equal group 
of clinically normal patients (first six columns) and descriptive statistics for various clinical criterion 
groups. The clinically normal group has been selected based on a randomly quota procedure, from the 
totality of the Romanian normal adult sample (notes: frontal – fr., diffuse – diff.). 
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Table 1.a. Descriptive statistics for the raw scores of WCST, for the normal adult group and the clinical group, b. for various clinical 
criterion groups, for Romania. 
Fr. 
(n=63)
Fr. 
Plus 
(n=42)
Diff.
(n=11)
Nonfr.
(n=59)
Vari. 
others
(n=35)
Nor-mal
(n=210)
Fr. 
Left 
(n=31)
Fr. 
Right 
(n=31)
Fr. 
n=105)
Nonfr.
(n=69)
Local 
(n=125
)
Diff.
(n=77)
Number of Categories Completed 
 A 2.19 1.62 3.27 2.83 3.14 5.11 2.39 2.19 1.96 2.86 2.10 3.01 
 SD 1.69 1.74 1.74 1.96 2.37 2.12 1.69 1.80 1.73 1.90 1.89 1.97 
Total Number of Trials 
 A 127.37 125.55 121.64 124.14 118.94 94.48 127.52 127.19 126.64 123.75 125.16 122.83
 SD 3.21 10.10 14.16 10.76 16.18 18.44 2.03 4.13 6.86 11.36 9.87 12.44 
Total Number of Correct 
Responses 
 A 64.63 56.62 64.36 65.34 65.51 70.99 66.00 64.00 61.43 64.78 61.51 65.32 
 SD 16.06 15.58 12.36 15.75 14.81 17.25 15.22 17.01 16.28 14.92 16.09 14.86 
Total Number of Errors 
 A 62.73 68.93 57.27 58.80 53.43 23.49 61.52 63.19 65.21 58.97 63.65 57.51 
 SD 16.84 20.31 20.79 20.60 24.34 19.04 15.80 18.00 18.47 20.34 20.25 21.23 
Percent Errors 
 A 49.13 54.14 46.09 46.64 43.20 23.86 48.16 49.52 51.13 46.88 50.17 45.84 
 SD 12.95 15.02 14.16 14.94 17.04 15.94 12.14 13.84 13.96 14.57 14.90 15.16 
Perseverative Responses 
 A 47.90 49.45 36.45 41.88 37.49 14.70 44.71 50.00 48.52 41.26 47.18 40.21 
 SD 21.79 29.33 18.64 24.23 23.90 12.14 17.57 24.90 24.95 23.49 25.62 23.15 
Percent Perseverative Responses 
 A 37.56 38.83 29.18 33.12 30.23 16.38 35.06 39.19 38.07 32.68 37.17 31.96 
 SD 16.84 22.80 13.75 18.52 17.84 14.92 13.56 19.25 19.35 17.90 19.69 17.54 
Perseverative Errors 
 A 40.16 41.67 32.82 35.78 31.66 9.34 38.29 41.23 40.76 35.54 39.65 34.53 
 SD 16.28 21.62 15.75 18.48 19.27 9.04 13.18 18.72 18.52 18.04 19.29 18.04 
Percent Perseverative Errors 
 A 31.52 32.76 26.27 28.32 25.43 9.87 29.97 32.42 32.02 28.17 31.25 27.47 
 SD 12.68 16.80 11.47 14.03 14.28 9.40 10.21 14.60 14.40 13.63 14.84 13.55 
Nonperseverative Errors 
 A 22.57 27.26 24.45 23.02 21.77 14.15 23.23 21.97 24.45 23.43 24.00 22.97 
 SD 9.77 15.20 9.99 11.79 10.96 14.22 10.18 9.59 12.38 11.44 12.38 11.37 
Percent Nonperseverative Errors 
 A 17.71 21.50 19.73 18.29 17.83 13.99 18.19 17.29 19.23 18.67 19.02 18.38 
 SD 7.55 11.65 7.04 8.89 7.80 11.80 7.91 7.39 9.54 8.57 9.41 8.44 
Trials to Complete First Category 
 A 43.17 59.90 16.18 36.68 38.43 18.31 38.71 44.90 49.87 33.77 48.88 33.26 
 SD 44.00 52.32 9.21 41.73 43.59 14.87 41.16 45.84 47.97 39.35 47.56 39.25 
Failure to Maintain Set 
 A 1.67 1.26 0.82 1.49 1.29 2.98 1.71 1.61 1.50 1.36 1.42 1.32 
 SD 1.68 1.40 0.75 1.30 1.05 2.43 1.79 1.48 1.58 1.25 1.50 1.21 
Learning to Learn a
 A -11.06 -11.82 -13.86 -10.51 -6.48 -1.15 -9.21 -13.32 -11.29 -11.33 -9.92 -10.41
 SD 11.19 10.78 11.88 11.51 9.86 10.55 10.22 11.83 10.97 11.51 10.74 11.18 
Percent Conceptual Level 
Responses 
 A 35.60 29.67 39.73 39.69 44.26 68.97 37.97 34.41 33.17 39.19 34.56 40.49 
 SD 16.64 19.25 19.02 19.18 22.20 21.93 15.16 17.74 17.86 18.81 19.22 19.49 
a Learning to learn is based on the scores of a number of 128 participants from the normal group, 16 participants from the 
frontal group, 37 of the frontal plus, 9 of the diffuse group,  42 of the nonfrontal group and 17 of the ”various others” group – 
for which it was possible to compute the scores on Learning to learn. 
b Lerning to learn in the case of the frontal left-right distinction is based on a number of 21 participants from the frontal left 
group and 17 participants from the frontal right group, for which the scores on Learning to learn have been computed. In the 
case of the frontal-nonfrontal distinction the same indicator is based on the scores of a number of 53 participants of the frontal 
group and 51 participants of the nonfrontal group, for which the scores have been computed. Finally, in the case of the local-
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diffuse distinction, the same indicator is based on the scores of a number of 63 participants from the local group and 58 
participants of the diffuse group, for which the scores have been computed. 
As fas as the differentiation between frontal left vs. frontal right is concerned, WCST scores are not 
discriminative: all comparisons are statistically not significant. With regard to the Frontal vs. Nonfrontal 
differentiation, certain WCST scores strongly differentiate these groups. For instance, indicators 
differentiating the frontally localized brain damages from the nonfrontally localized ones are: the number 
of categories completed (t[60] = 0.0015, p<.01), the number of administered cards (t[60] = 0.0015, 
p<.01), the total number of errors (t[60] = 0.0379, p<.01), trials to complete the first category (t[60] = 
0.0377, p<.01), or the percent of conceptual responses (t[60] = 0.0346, p<.01). When it comes to the 
differentiation between local and diffuse, certain WCST scores strongly differentiate between these 
groups. For example, among the indicators differentiating frontally localised brain damages and those 
non-frontally localised one might refer to: the total number of errors (t[200] = 0.0412, p<.01), the percent 
of errors  (t[200] = 0.0477, p<.01), trials to complete the first category (t[200] = 0.0165, p<.01), or the 
percent of conceptual responses (t[200] = 0.0354, p<.01). 
3. Conclusion 
The evidence from studies of normal people and clinical samples suggest that the WCST is a valid 
measure of executive function in neurologically impaired population. The findings of the study conducted 
for the revised manual in Romania suggested that the relative pattern of WCST performance may yield 
more specific information about executive function deficit in different brain patology groups. Research 
needs to be conducted to verify this finding (Heaton et al., 1993). 
References 
Andreasen, N., O’Leary, D., Cizadlo, T., Arndt, S., Rezai, K., Boles, Ponto, L., Watkins, G., Hichwa, R. (1996). Schizophrenia and 
cognitive dysmetria: a positron-emission tomography study of dysfunctional prefrontal–thalamic–cerebellar circuitry. Proc. 
Natl. Acad. Sci. U. S. A., 93, 9985– 9990. 
Avram, E., Ciurea A.V., Iliescu, D., Taúcu, A. (2011). Testul Wisconsin de Sortare a cardurilor. Manual Tehnic Revizuit si Extins. 
Adaptare in Romania. OS Romania. 
Baddeley, A. D. (1986) Working Memory. Clarendon Press, Oxford, UK. 
Butler, M., Retzlaff, P., & Vanderploeg, R. (1991). Neuropsychological test usage. Professional Psychology: Research and 
Practice, 22, 510-512. 
Gnys, J. A., & Willis, W. G. (1991). Validation of executive function tasks with young children. Developmental Neuropsychology,
7, 487-501. 
Iordan, A.D. (2009). CogniĠie úi control. Bucureúti: Editura Universitară.
Heaton, R.K., Chelune G.J., Talley, J.L., Kay, G.G., Curtiss, G. (1993). Wisconsin Card Sorting Test Manual – Revised and 
Expanded, Psychological Assessment Resources. 
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D. (2000). The unity and diversity of 
executive functions and their contributions to complex frontal lobe tasks: A latent variable analysis. Cognitive Psychology, 41, 
49-100. 
Raye, C. L., Johnson, M. K., Mitchell, K. J., Greene, E. J., Johnson, M. R. (2007). Refreshing: a minimal executive function, 
Cortex, 1, 135-45. 
Royall D.R., Mahurin R.K., True, J., Anderson, B., Brock, I.P. 3rd, Freeburger, M., Miller, A. (1993). Executive impairment among 
the functionally dependent: comparisons between schizophrenic and elderly subjects. American Journal of Psychiatry, 150, 
1813–1819. 
Royall, D. R., Lauterbach, E. C., Cummings, J. L. et al. (2002). Executive control function: a review of its promise and challenges 
for clinical research, J of Nuropsychology and Clinical Neurosciences, 14, 277-405. 
Sergeant, J. A., Geurts, H., Oosterlaan, J. (2002). How specific is a deficit of executive functioning for attention-
deficit/hyperactivity disorder? Behavioural Brain Research, 1-2, 3-28. 
